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A Study on High Efficiency Operation Method and Design of
Power Control Mechanism for Small Wind Turbine System

Chang-Duk Kong* - Jo-Hyug Bang* - Kyung-Won Oh* - Jong-Ha Park*

ABSTRACT

This study proposes a design method for blade pitch control mechanism in order to regulate
the power and to improve the starting characteristic. This power control unit which is assembled
by spring and mass is planing to equip with 1kW class wind turbine system which is developed
for low wind speed area like Korea. For the design of this control unit, the proper geometry of
the hub was designed and the calculation of the mechanics was carried out. Especially, It is
expected that the operational efficiency will be improved because of additional high pitch starting
function by using 2 step spring structure.
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Table 1. Aerodynamic design result of 1kw
class wind turbine blade

Rated powerlelectric power) 1 KW

Rated wind speed 80 m/s
Rotor diameter 342 m
Aerodynamic profile FFA-W3-211
Blade root chord 253mm
Blade tip chord 73mm

Blade total twist 2023 deg.

Fig. 1 Designed aerodynamic shape of kW
class wind turbine blade

Skin S Foam

Fig. 2 Section view of the blade structure
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Table 2. Structural design results

Station
(r/R)

Thickness{mm)

Upper surface

Lower surface

Root~0.1

10t/Skin 1.25t /Spar 7.00t( AL2024)

0.1~02

Skin 1.25t/Spar 4.75t

Skin 1.25t/Spar 3.00t

02~0.3

Skin 1.25t/Spar 3.75t

Skin 1.25t/Spar 2.25t

0.3~04

Skin 1.25t/Spar 3.50t

Skin 1.25t/Spar 2.00t

0.4~05

Skin 1.25t/Spar 3.25t

Skin 1.25t/Spar 1.75t

Table 5. Comparison between the linear static

0.5~06
0.6~07
0.7~08
0.8~09
0.9~Tip

Skin 1.25t/Spar 3.00t |Skin 1.25t/Spar 1.50t
Skin 1.25t/Spar 2.50t |Skin 1.25/Spar 1.25t
Skin 1.25t/Spar 2.00t | Skin 1.25t/Spar 1.00t
Skin 1.25¢/Spar 1.50t | Skin 1.25t/Spar 0.75t
Skin 1.25t/Spar 0.75t | Skin 1.25t/Spar 0.50t

Table 3. Structural analysis result

Case of Analysis
Case ||Case Il|Case Il
Analysis Result
Max. Stress Ten. 13.9 38.5
[Mpal Com. 108 | 31.1
Max. Disp. [mm] 5284 | 151.0
Sw/allow | 0.053 | 0.165
Sy/allow | 0.027 | 0.089
Syfallow | 0.125 | 0.384
Tsai-Wu failure critrion | 0.035 | 0.217

333
29.4
1232
0.162
0.095
0.364
0.205

Max. stress

failure critrion
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Table 4. Comparison between measured and
predicted natural frequency

Mode shape Analysis resusts | Test results

First Flap Mode 12.81Hz 11.72Hz
First Leadlag Mode 23.25Hz 21.09Hz
Second Flap Mode 42.77Hz 41.31Hz

analysis results and the static test
results
ltem Analysis results | Test results
Tip displacement 131 mm 150 mm
Upper and lower| 547\ | 4970 Mpa
surface stresses 018 M 169 M
at 0.2 r/R station -© Mpa ~105 Mpa

Blade pitch angle = 0.0
2000
1800 | -e-Calculated aerodynamic power
1600 | - Measured aerodynamic power
1400 | _x_Estimated electrical power
1200
& 1000
o 800
600
400
200
0 J_T—Q‘I
0 1 2 3 4 5 6 7 8 9
Wind speed [m/s}

Fig. 3 Comparison between aerodynamic
analysis results and test results
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& Pitch=20.0deg -~ Pitch=15.0deg - Pitch=10.0deg

- Pitch=7.5deg —— Pitch=5.0deg —#— Pitch=4.0deg

-s— Pitch=3.0deg —»— Pitch=2.0deg ~o— Pitch=0.0deg
_ -0 Pitch=-1.0deg —o-Pitch=-2.0deg > Pitch=—-3.0deg
-o- Pitch=—4.0deg  —o- Pitch==5.0deg

03 |

Power Coefficient

02 r

01

0.0 o
0.0 20 40 60 8.0 10.0 12.0 140 16.0 18.0 20.0
Tip Speed Ratio

Fig. 4 Variation of the power coefficient vs. tip
speed ratio at various blade pitch angle
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Fig. 5 Blade pitch control system
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Fig. 6 Detail view of the mass and spring

system
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Table 6. Calculated results for the spring

coefficients
Wind speed 8 m/s
My 0664 N -m
] 40 mm
Fr 166 N
) 19.0°
r 89.94 mm
m 0.3 kg
Rotational speed 268 rpm 300 rpm
o [rad/sec] 28.065 31.416
Froos© IN 20.094 25179
Fg NI 36.694 41.779
x [mm] 1035 3.49
ke INimm] M=3.5 | k=84
z 7
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